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Background/aim: This study aimed to investigate the impact of blood pressure and sex on heart-vessel coupling in patients with
essential hypertension via ultrasound.
Materials and methods: We studied 76 patients with essential hypertension (48 males and 28 females) and 65 healthy controls (33
males and 32 females). Coupling parameters were obtained using ultrasound technology combined with brachial artery blood pressure
measurement.
Results: The Ea and Ees were higher in the hypertension group than in the control group (P < 0.01), with no statistically significant
difference in Ea/Ees between the two groups (P >0.05). After subjects were classified by sex, the Ea and Ees of males and females in
the hypertension group were higher than those in the control group (P < 0.05 or P < 0.01), while the Ea/Ees was lower in hypertensive
females than in control females (P < 0.05).
Conclusion: In female patients with essential hypertension, heart-vessel coupling was easily damaged, and systolic blood pressure was
associated with heart-vessel coupling damage to some extent.
Key words: Hypertension, heart-vessel coupling, blood pressure, sex

1. Introduction
In healthy individuals, the heart matches blood vessel
elasticity and functionally couples with the blood vessels,
resulting in optimal cardiovascular system activity (1,2).
However, patients with essential hypertension are prone
to alterations of heart-vessel coupling that eventually lead
to heart failure (3,4), with a higher incidence in women
than in men (5). The impact of blood pressure and sex on
heart-vessel coupling in patients with hypertension is still
not entirely clear (6,7). This study aimed to examine the
changes in heart-vessel coupling in hypertension patients
of both sexes and analyze the impact of blood pressure and
sex on heart-vessel coupling parameters in patients with
essential hypertension.
2. Materials and methods
2.1. Subjects
The hypertension group consisted of 76 patients with
essential hypertension, including 48 males and 28 females,
aged 26–82 years with a mean age of 54.4 ± 11.1 years.
All patients met the 1999 World Health Organization
diagnostic criteria for hypertension. Patients with
secondary high blood pressure, other cardiovascular
* Correspondence: chunsongkangdoc@163.com

680

diseases, or diabetes were excluded. The control group
comprised 65 healthy volunteers, including 33 males
and 32 females, aged 29–78 years with a mean age of
52.7 ± 9.6 years. All the volunteers had normal liver and
kidney functions, normal physical examinations, and no
evident abnormalities on ECG and echocardiography.
Volunteers with metabolic diseases such as high blood
pressure, other cardiovascular diseases, or diabetes were
excluded from participation. This study was conducted in
accordance with the Declaration of Helsinki. This study
was conducted with approval from the Ethics Committee
of Shanxi Academy of Medical Sciences & Shanxi DAYI
Hospital. Written informed consent was obtained from all
participants.
2.2. Methods
Subjects underwent routine examinations of blood glucose,
blood lipids, and height and weight for the purpose of
calculating the body mass index (BMI).
Doppler-echocardiographic
examinations
were
performed using a Mylab Twice ultrasound diagnosis
instrument (Esaote, Florence, Italy) with PA240 and LA523
probes and frequencies set at 1–4 MHz and 4–13 MHz.
First, conventional heart scanning was performed for the
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assessment of parameters of left ventricular structure and
function as follows: left ventricular diastolic diameter
(LVDd), left ventricular posterior wall thickness (PWd),
stroke volume (SV), and left ventricular mass index (LVMI)
were obtained in the parasternal left ventricular long axis
view by M-mode ultrasound; in the cardiac apical fivechamber view, peak velocity of the left ventricular outflow
tract (LVOT) and acceleration time (AT) were obtained;
the biplane Simpson method was used to measure the
left ventricular ejection fraction (LVEF). Carotid artery
ultrasonography was then performed to assess the
following parameters of right common carotid artery
structure and function: intima-media thickness (IMT),
pulse wave velocity (PWV), and carotid artery diameter
(D). Finally, blood pressure was measured as follows: the
left brachial blood pressure at rest was measured three
times, and the mean values were recorded as systolic blood
pressure (SBP) and diastolic blood pressure (DBP).
The left ventricular end systolic pressure (ESP) was
obtained using the formula: ESP = (2SBP + DBP) / 3. We
then calculated Ea using the formula Ea = ESP / SV (8) and
Ees using the formula Ees = LVOT / AT (9), as well as the
heart-vessel coupling index Ea/Ees (9).
2.3. Statistical analysis
SPSS 16.0 was used and the data were expressed as x– ±
SD. Intergroup data were compared using the two-sample
t-test or chi-square test. Linear correlation analysis was
applied to analyze the correlations among Ea, Ees, Ea/Ees,
SBP, DBP, and pulse pressure (PP) with P < 0.05 considered
statistically significant.
3. Results
3.1. Comparison of general characteristics
The BMI, SBP, DBP, and PP in the hypertension group
were higher than those in the control group (P < 0.01),
while there was no statistically significant difference in
age, sex, heart rate (HR), triglycerides (TG), low-density
lipoprotein (LDL), high-density lipoprotein (HDL), or

fasting blood glucose (FBG) between the two groups
(Table 1).
Comparisons by sex showed that BMI, SBP, DBP, and
PP of males and females in the hypertension group were
higher than their corresponding values in the control
group (P < 0.05 or P < 0.01), while age, HR, TG, LDL, HDL,
and FBG did not differ significantly between patients and
controls (Table 1).
3.2. Comparison of conventional cardiovascular
ultrasound parameters
The LVDd, PWd, LVMI, IMT, and PWV in the hypertension
group were higher than the corresponding values in the
control group (P < 0.05 or P < 0.01), while the LVEF and D
showed no statistically significant differences between the
two groups (Table 2).
In the comparison by sex, the PWd, LVMI, IMT, D, and
PWV of males and females in the hypertension group were
higher than the corresponding values in the control group
(P < 0.05 or P < 0.01), while the LVDd and LVEF showed
no significant differences when compared with the control
group (Table 2).
3.3. Comparison of coupling parameters
The Ea and Ees were higher in the hypertension group
than in the control group (P < 0.01), while the Ea/Ees
showed no statistically significant difference between the
two groups (Table 3).
In the comparison by sex, the Ea and Ees of males
and females in the hypertension group were higher
than the corresponding values in the control group (P <
0.05 or P < 0.01). The Ea/Ees was lower in females with
hypertension than in controls (P < 0.05), but showed no
significant difference in the comparison between males
with hypertension and controls (Table 3).
3.4. Correlation of brachial artery pressure and coupling
parameters
A correlation analysis was performed between the Ea,
Ees, and Ea/Ees and SBP, DBP, and PP of the overall study
population. The results showed that SBP and PP were

Table 1. Comparison of general information (x– ± SD).
TG
(mmol/L)

LDL
(mmol/L)

HDL
(mmol/L)

FBG
(mmol/L)

50.44 ± 12.62** 69.00 ± 9.18

2.00 ± 1.21

2.26 ± 0.82

1.32 ± 0.81

5.17 ± 0.54

41.91 ± 8.37

1.43 ± 0.72

2.22 ± 0.86

1.35 ± 0.56

5.22 ± 0.32

Group

Cases

Age (years)

BMI (kg/m2)

SBP (mmHg)

DBP (mmHg)

PP (mmHg)

Hypertension group

76

54.41 ± 11.12

25.91 ± 3.13**

137.67 ± 16.52**

87.23 ± 9.56**

Control group

65

52.71 ± 9.62

23.85 ± 2.36

120.34 ± 12.21

78.44 ± 8.65

HR

70.00 ± 9.45

Female hypertension group

28

52.96 ± 9.64

25.80 ± 3.15*

147.00 ± 17.43** 86.69 ± 10.84** 60.03 ± 14.47** 71.89 ± 10.25 2.01 ± 1.13

2.14 ± 0.75

1.33 ± 0.87

5.21 ± 0.59

Female control group

32

51.57 ± 7.36

23.95 ± 2.53

120.81 ± 12.23

78.59 ± 9.44

2.50 ± 0.83

1.34 ± 0.60

5.32 ± 0.36

Male hypertension group

48

55.20 ± 11.91

26.00 ± 3.09▲▲

133.92 ± 12.43

87.90 ± 46.00▲▲ 46.00 ± 9.96▲

67.26 ± 9.63

1.96 ± 1.23

2.35 ± 0.87

1.31 ± 0.72

5.12 ± 0.50

Male control group

33

54.46 ± 11.40

23.67 ± 2.17

117.87 ± 10.39

77.23 ± 7.09

70.39 ± 9.09

1.35 ± 0.56

1.99 ± 0.83

1.37 ± 0.47

5.10 ± 0.34

42.24 ± 7.78

40.63 ± 7.31

69.50 ± 10.01 1.55 ± 0.90

BMI: Body mass index; SBP: systolic blood pressure; DBP: diastolic blood pressure; PP: pulse pressure; HR: heart rate; TG: triglyceride; LDL: low-density lipoprotein; HDL: high-density lipoprotein; FBG:
fasting blood sugar. Comparison between the hypertension group and the control group, *P < 0.05, **P < 0.01; comparison between the female hypertension group and the female control group, *P < 0.05,
**P < 0.01; comparison between the male hypertension group and the male control group, ▲P < 0.05, ▲▲P < 0.01.
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Table 2. Comparison of vascular ultrasound parameters in different sexes (x– ± SD).
Group

Cases

LVDd (mm)

PWd (mm)

LVEF

LVMI

IMT (μm)

D (mm)

PWV (m/s)

Hypertension group

76

48.91 ± 6.54*

10.03 ± 1.52**

63.61 ± 8.98

215.61 ± 69.43**

585.75 ± 149.75*

7.86 ± 0.96**

8.21 ± 2.05*

Control group

65

46.62 ± 4.55

8.44 ± 2.65

65.33 ± 5.68

158.54 ± 42.22

525.61 ± 141.97

7.35 ± 0.63

7.36 ± 1.91

Female hypertension group

28

47.46 ± 6.77

9.72 ± 1.68**

63.53 ± 10.18

214.52 ± 59.33**

576.11 ± 106.99**

7.58 ± 1.10*

7.80 ± 2.12*

Female control group

32

45.72 ± 4.58

8.13 ± 3.88

66.06 ± 5.25

150.61 ± 70.14

497.11 ± 116.89

7.02 ± 0.65

7.14 ± 1.96

Male hypertension group

48

49.73 ± 6.33

10.16 ± 1.41▲▲

63.65 ± 8.26

217.17 ± 40.23▲▲

636.61 ± 120.69▲

8.06 ± 0.84▲

8.32 ± 2.06▲

48.30 ± 3.35

8.58 ± 1.22

64.23 ± 7.78

166.54 ± 46.33

584.19 ± 144.25

7.46 ± 0.61

7.37 ± 1.94

3

Male control group

LVDd: Left ventricular diastolic diameter; PWd: posterior wall thickness; LVEF: left ventricular ejection fraction; IMT: intima-medial thickness; D: carotid artery diameter; PWV: pulse wave velocity.
Comparison between the hypertension group and the control group, *P < 0.05, **P < 0.01; comparison between the female hypertension group and the female control group, *P < 0.05, **P < 0.01;
comparison between the male hypertension group and the male control group, ▲P < 0.05, ▲▲P < 0.01.

Table 3. Comparison of coupling parameters (x– ± SD).

Index

All subjects

Male subjects

Female subjects

Hypertension group

Control group

P

Hypertension group

Control group

P

Hypertension group

Control group

P

Ea

3.42 ± 1.08

2.64 ± 0.99

<0.01

3.26 ± 0.92

2.51 ± 0.85

0.042

3.84 ± 1.07

2.85 ± 1.07

<0.01

Ees

14.06 ± 6.25

9.51 ± 2.00

<0.01

12.12 ± 6.54

9.50 ± 1.79

0.034

20.10 ± 7.96

9.53 ± 2.21

<0.01

Ea/Ees

0.28 ± 0.17

0.30 ± 0.15

0.162

0.29 ± 0.12

0.30 ± 0.18

0.585

0.22 ± 0.11

0.31 ± 0.14

0.025

Ea: Effective arterial elasticity; Ees: left ventricular end systolic elasticity; Ea/Ees: coupling index.

positively correlated with Ea and Ees (P < 0.01), while
DBP had no significant correlation to Ea and Ees. There
was no significant correlation between Ea/Ees and SBP, PP,
or DBP (Table 4).
After classifying subjects by sex, the SBP and PP of male
and female subjects were positively correlated with the Ea
and Ees (P < 0.05 or P < 0.01) (Table 5; Figures 1 and 2).
The SBP of female subjects was negatively correlated with
the Ea/Ees (r = –0.44, P < 0.05) (Table 5; Figure 2), while
the PP and DBP had no significant correlation with the Ea/
Ees. In male subjects, SBP, DBP, and PP had no significant
correlation with Ea/Ees (Table 5; Figure 1).

4. Discussion
The heart and blood vessels constitute an inalienable
coordinating organism. The circulatory process requires
the mutual coordination and coupling of these two
components, and this interaction between the heart
and blood vessels, called heart-vessel coupling, is the
key factor underlying the physiological function of the
cardiovascular system (2,10). Therefore, when assessing
cardiovascular function in hypertension patients, one
would not only need to study the structures and functions
of the left ventricle and artery, but also to consider the
interaction between the two (2). The Ea/Ees ratio is the

Table 4. Correlation of coupling parameters with SBP, DBP, and PP among all the subjects.

Index

Ea

Ees

Ea/Ees

r

P

r

P

r

P

SBP

0.57

<0.01

0.55

<0.01

–0.17

0.15

DBP

0.08

0.48

0.45

–0.04

0.71

PP

0.61

<0.01

0.09
0.5

<0.01

–0.16

0.16

SBP: Systolic blood pressure; DBP: diastolic blood pressure; PP: pulse pressure; Ea: effective arterial elasticity; Ees: left ventricular end
systolic elasticity; Ea/Ees: coupling index.
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Table 5. Correlation of coupling parameters with SBP, DBP, and PP among male and female subjects.
Female subjects
Index

Ea

Male subjects

Ees

Ea/Ees

Ea

Ees

Ea/Ees

r

P

r

P

r

P

r

P

r

P

r

P

SBP

0.48

0.01

0.52

0.04

–0.44

0.02

0.47

<0.01

0.40

0.01

0.06

0.70

DBP

0.18

0.34

0.06

0.74

–0.01

0.99

0.05

0.76

0.16

0.29

0.07

0.62

PP

0.46

0.01

0.61

<0.01

–0.178

0.36

0.53

<0.01

0.42

0.04

0.01

0.97

SBP: Systolic blood pressure; DBP: diastolic blood pressure; PP: pulse pressure; Ea: effective arterial elasticity; Ees: left ventricular end
systolic elasticity; Ea/Ees: coupling index.

Figure 1. (A) Association of SBP with Ea and Ees in men: Ea (red) and Ees (black) tandemly increase with SBP in men.
(B) Association of SBP with Ea/Ees in men: absence of an association between SBP and Ea/Ees in men.

crucial parameter for evaluating heart-vessel coupling
status (3,9,11). When the Ea/Ees is reasonable, the stroke
work efficiency would be the greatest, with an ideal Ea/Ees
ranging from 0.3 to 1.3 (3). In terms of physiological status,
under a variety of neural and humoral regulatory activities,
the Ea and Ees tend to change synchronously, and heartvessel coupling would be in a state of dynamic equilibrium
to ensure effective cardiac stroke (3,12). The arterial and
left ventricular elasticities in hypertension patients would
change to various degrees, affecting the coupling-matching
status (3,7,12). This change has a significant sex bias in the
early stage and would easily be affected by blood pressure
levels (7,13,14). This study showed that compared with
males, female heart-vessel coupling is much more easily
damaged, and that SBP has a certain relationship with the
injury to heart-vessel coupling, which is consistent with
the findings of Chantler et al. (7).

The functional status of the cardiovascular system
in hypertension patients would easily be impaired,
eventually resulting in heart failure (13), and a large
number of studies have shown that the incidence of heart
failure was significantly higher in female patients than
in male patients (6,15). Some studies suggested that the
pathophysiological mechanism of heart failure might be
associated with the impaired state of heart-vessel coupling
(11,15,16). Although the female hypertension patients
included in this study had no history of heart failure,
the Ea/Ees was lower in female patients than in controls,
while the Ea/Ees of male hypertension patients was not
significantly different from that of controls. This suggests
that the easily damaged heart-vessel coupling in female
patients may be one of the reasons for the higher heart
failure incidence, which is consistent with the findings
of Redfield et al. (17). Further analysis of the coupling
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Figure 2. (A) Association of SBP with Ea/Ees in women: Ees (black) vs. Ea (red) disproportionately increases with SBP
in women. (B) Association of SBP with Ea/Ees in women: there is an association between SBP and Ea/Ees in women.

components, namely Ea and Ees, revealed that the Ea and
Ees in both male and female hypertensive patients was
increased when compared with control subjects, but there
was an obvious sex difference in the degrees of increase.
Among male patients, increases in Ea and Ees matched
one another, so that the Ea/Ees ratio remained in the
normal range despite the higher levels of Ea and Ees in
male patients relative to controls. Among female patients,
Ea and Ees were also higher than corresponding values in
the control group, but Ees increased significantly and thus
the increases in Ea and Ees did not match one another,
resulting in the reduction of Ea/Ees. It was speculated that
the long-term effects of hypertension increased vascular
stiffness (Ea), so that vascular chronic remodeling would
ultimately increase left ventricular stiffness (Ees) through
cardiac decompensation in order to reestablish heartvessel coupling and maintain effective cardiac stroke work.
However, this compensatory ability had an obvious sex
disparity, as the coupling equilibrium in female patients
might easily exceed the compensatory function of the
cardiovascular system, leading to the loss of heart-vessel
coupling and ultimately to heart failure (6,7,17).
The heart-vascular coupling damage in hypertension
patients correlated with lipids, blood pressure, age, sex,
and many other factors (12,13,18–20). Chang et al. (11)
studied heart-vessel coupling in 344 Fisher mice of
varying ages and found that Ees and Ea decreased with
increasing age, and that the matching state of coupling
also changed. Redfield et al. (17) found that in women, Ea/
Ees would decrease much more obviously with increasing
age. Chirinos et al. (18) found that heart-vessel coupling
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damage had a certain relationship with high cholesterol.
In this study, interfering factors such as age, blood lipids,
and blood glucose were excluded, and the results revealed
that SBP was negatively correlated with Ea/Ees only in
female subjects. Male subjects had no such characteristics,
suggesting that SBP somehow associated with the state
of heart-vessel coupling in women, which is similar to
Chantler et al.’s study (7). Further analysis of the impact of
SBP on the coupling components Ea and Ees revealed that
as SBP rose, Ees and Ea increased to the same degree in
male patients (Figure 1A), so that the Ea/Ees remained in
the normal range (Figure 1B). In female patients, however,
Ees increased to a significantly greater degree than Ea
(Figure 2A), resulting in the decreasing of Ea/Ees (Figure
2B). This indicates that with the rise of SBP, the Ea of
both male and female patients would increase, increasing
the afterload of the circulatory system and leading to
the adaptive remodeling of the left ventricular structure.
Ees would therefore increase, but compared with males,
the Ees in female patients would increase much more
significantly (Figure 2A). This would alter its coupling
matching status with Ea, suggesting that the significant
increase in Ees along with SBP in female patients was
the main reason that their heart-vessel coupling status
was vulnerable to SBP. This phenomenon may be related
to differences in myocardial remodeling and myocardial
fibrosis between hypertension patients of different sexes,
but the correlation between the two is still unclear.
Currently, the mechanism of heart-vessel coupling
impairment in hypertension patients remains uncertain,
with many factors involved including hypertension,
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hypertension duration, age, sex, genetics, and metabolism
(11,13,18–20). This study suggests that increased SBP
might be one of the factors affecting heart-vessel coupling
in female hypertension patients. However, because few
studies with varied findings have been reported thus far,
further studies with a larger sample size are warranted.
In summary, heart-vessel coupling in female patients

with essential hypertension can be easily damaged, and
it is closely related to SBP. This study suggests that in the
treatment of hypertension, a great deal of attention should
be paid to the relationship between SBP and heart-vessel
coupling, and that actively controlling brachial arterial
SBP levels may delay heart-vessel coupling damage and
reduce the incidence of heart failure in female patients.
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